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Outline

• Why lattice is needed
• Exact Chiral Symmetry on the Lattice
• Update: BK 

• Relevance of lattice to the LHC era
• Recent applications 
• Summary & Outlook
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RBC effort (~’98-’05 with QCDSP), PRD’05;Quenched&nf=2 dyn.
BK (2 GeV)=0.563(21)(39)(30) 

Last error due quenching using nf=2 dyn.

To be compared with JLQCD, PRL ’98 (staggered, quenched)
BK (2GeV) = 0.628(42) ; guess estimate of quenching error= (110) used widely

RBC has reduced 
quenching error by ~

factor of 3
and finds lower central 

value by ~ 2 σ
-> tends to increase η



DOE Review April, 2006....A.Soni 6

Existing expts. + lattice -> sin2β =0.70(10)
Through direct measurement B-factories give
sin2β =0.685(32)..striking confirmation of CKM
paradigm. CKM-phase is dominant contributor

to observed CPV in K, B..
Lattice weak matrix element effort helps 

attain a milestone
in our understanding of CPV phenomena
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Bernard, Labrenz & Soni (PRD ‘94) fB (quenched) =187(10)(34)(15) MeV
(Based on Jim Labrenz thesis @BNL)

Koji Ikado(BELLE) @FPCP 4/9/06
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Brief (~25 years) History of BK

~’83, DGH use K+ lifetime + LOChPT + SU(3)->
BK ~0.33… no error estimate, no scale dependence.
~’84 Lattice method for WME born…many attempts
& improvements for BK   evaluations
~’98 JLQCDstaggered BK (2GeV)= 0.628(42)quenched(~110).

~’97 1st BK  with DWQ(T.Blum&A.S),0.628(47) quenched.
~’01    RBC BK  with DWQ, quenched=0.532(11) quenched
~’05    RBC , nf=2, dyn. DWQ, BK =0.563(21)(39)(30)
~’06   Gimnez et al (stagg.) 2+1, BK =0.618(18)(19)(30)(130)
~’08 Target 2+1 dyn. DWQ, BK with total error 

5%
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Relevance of Lattice to the LHC era
• QCD will be an integral part of any BSM 

scenario -> need ability for non-
perturbative calculations.

• Two illustrations
• a)   BK

• b)   proton lifetime
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Y.Aoki et al (RBC) ‘05
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2nd Example:
Application of DWQ to p->eπ in GUTs & SUSYGUTs

Mixing of operators 
with wrong chirality is
completely negligible,

a significant advantage
Of DWQ

Aoki, Dawson, Izubuchi
& Soni (RBC) (in prep.)
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Results for LEC’s for proton decay
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First Lattice Calculation of NEDM [with dyn. (2 flavor)DWQ] due to the  
θ parameter (Blum, Orginos & A.S), PRD’06

dN =-0.04(20)-e-θ-fm; < 0.02 )-e-θ-fm…..This upper bound is a factor
of about 4 to 10 higher than phenomenological estimates
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Near Future
• RBC -> [RBC + UKQCD ] DWF project
• QCDOC  at BNL (RBRC)  …~66%
• QCDOC at Edinburgh ~50%
• QCDOC  at BNL (DOE) ….~30%
• Factor of ~20 more computing power over 

’98-’04(QCDSP)
• Note: Lattice will be relevant even in the LHC 

era
• 2+1 dynamical DW simulations in progress. 

Look forward to improved calculations of BK , 
ε’/ε, Kl3, NEDM, p->eπ and many other 
quantities of physical interest.
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Summary & Outlook

I. HET group is involved in diverse areas
of HEP, precision EW, flavor, collider,LHC &
RHIC phenomenology and in a very strong 
Lattice gauge effort ; list of recent pubs 

attached.
II. Overriding concerns: 
1. NEED MORE POST-DOCS!! (only 2 for next 

year severely undercuts the capability of the 
group, esp. in light of the LHC era)

2. Aging of the group
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